A simple, precise and accurate method to determine ampicillin and dicloxacillin in a pharmaceutical preparation capsule dosage form were developed and validated using liquid chromatography (LC). The LC separation was achieved on an ACE 150 mm x 4.6 mm, 5 µ in the isocratic mode using buffer: methanol (40: 60, v/v), as the mobile phase at a flow rate of 1.0 mL/min. The methods were performed at 220 nm. In LC method, quantification was achieved with PDA detection over the concentration range of 50 to150 µg/mL. The methods were validated and the results were compared statistically. They were found to be simple, accurate, precise and specific. The methods were successfully applied for the determination of ampicillin and dicloxacillin in a pharmaceutical preparation capsule dosage form without any interference from common excipients. The proposed method was validated in terms of precision, robustness, recovery, LOD and LOQ. All the validation parameters were within the acceptance range.
Introduction
Ampicillin is known chemically (2S,5R,6R)-6-([(2R)-2-amino-2-phenylacetyl]amino)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3. Ampicillin is beta-lactam antibiotic that has been used extensively to treat bacteria infections since 1961. It is considered part of the aminopenicillin family and is roughly equivalent to amoxicillin in terms of spectrum and level of activity. It can be used with cloxacillin as well as a powder ampicillin is white with slight yellow cast and is soluble in water.
Ampicillin, a potent antibiotic with relatively short-termed stability in aqueous solutions 1, 2 is used clinically to treat a broad range of bacterial infections [3] [4] [5] . With parenteral injection, ampicillin is distributed rapidly and widely, resulting in a high concentration of the drug in bile 6 . From bile, it is excreted into the gut and is known to cause disruption of the normal intestinal microflora by diminishing the main flora and increasing the presence of yeast as well as inducing a high risk of Clostridium difficile colitis 7 .
Dicloxacillin (INN) is a narrow spectrum of the penicillin class. It is used to treat infections caused by susceptible gram-positive bacteria. It is very similar to flucloxacillin and these two agents are considered interchangeable.
Dicloxacillin is more acid-stable than many other penicillins and can be given orally, in addition to parenteral routes. However, like methicillin, it is less potent than benzylpenicillin against non-β-lactamase-producing gram-positive bacteria.
A significant improvement in antibiotic activity and a reduction of the allergic and toxic reactions to ampicillin 8, 9 have been obtained by topical formulations 10, 11 . The advantage of transdermal delivery of hydrophilic drugs versus oral delivery lies in the molecular nature of the gastrointestinal tract (GIT) 12 . As a lipid membrane, the GIT possesses hydrophobic properties; thus, the more hydrophilic a drug is, the more likely it is to be absorbed poorly through the GIT. Moreover, the amino group in ampicillin confers 13 an ability to cross the cell wall barrier that is impenetrable to other types of penicillin. Owing to the above conditions, ampicillin developed as a membrane-moderated transdermal patch with a hydrophilic membrane was found to increase the permeation of hydrophilic drug; it was reported that the hydrophilic matrix modified with hydrophilic membrane 14 .
This paper describes precise, accurate and specific spectrophotometer and LC methods for determination of ampicillin and dicloxacillin in pure powder and capsules dosage form. A review of its preparation [15] [16] [17] [18] , pharmacology [19] [20] [21] , drug interaction, chiral synthesis, structure activity study, clinical comparison with ampicillin and dicloxacillin, metabolism, pharmacokinetic and clinical experience review and clinical evaluation have been published recently.
Literature survey revealed the analytical method for determination of ampicillin and dicloxacillin have been reported and include high performance liquid chromatography (HPLC) method for determination of ampicillin and dicloxacillin in plasma 22 . LC-tandem mass spectrometry (LC-MS/MS) for determination of ampicillin and dicloxacillin in human plasma HPLC-MS/MS with electro spray ionization for determination of ampicillin and dicloxacillin in human plasma. This paper describes precise, accurate and specific spectrophotometer and LC methods for determination of ampicillin and dicloxacillin in capsules dosage form.
Ampicillin Dicloxacillin

Experimental
HPLC grade acetonitrile and methanol, di-ammonium hydrogen orthophosphate and tetra butyl ammonium hydrogen sulphate were used to prepare the mobile phase and were purchased from Sigma-Aldrich (Milan, Italy). The working standard of ampicillin trihydrate (Lot no: QC/A-06-1/JAN08) and dicloxacillin sodium (Lot no: AR/WS/DICL-23/07) were purchased from Fluka (Milan, Italy). Deionized and purified water using a Mili-Q system (Milli-pore) was used for the mobile phase and the standard solutions preparation. All other reagents were of analytical grade.
Chromatographic system
The liquid chromatograph consisted of a dionex system, equipped with a P 680 HPLC Pump, an ASI-100 automatic sample injector and thermostatted column compartment TCC-100 and solvent Rack SOR-100. For data collection and calculation Empower software was used.
Buffer preparation
2.64 g of di-ammonium hydrogen orthophosphate and 13.56 g of tetrabutyl ammonium sulphate was dissolved in 1000 mL water. The pH 7.0 was adjusted with diluted sodium hydroxide solution.
The chromatographic conditions were optimized using a column ACE-5 (150 mmx 4.6 mm, 5 µm). The mobile phase consisted of methanol: phosphate buffer (60:40, v/v). The mobile phase was filtered through a 0.22 µm nitrocellulose-membrane filter (Milipore, Barcelone) and degassed under vacuum prior to use. The flow rate was 1.0 mL/min. The monitoring wavelength was 220 nm and the injection volume was 10 µL. Column oven was at 30 ºC, peak area was measured and HPLC analysis was conducted at room temperature. A diluent mixture of 50 volumes of Milli Q water and 50 volumes of acetonitrile was prepared.
System suitability standard solution
57 mg of amplicillinn trihydrate, 55 mg dicloxacillin sodium working standard was weighed and transferred in 200 mL volumetric flask. 100 mL of diluent was added and sonicated again 5 minutes, cooled and made up to volume with diluent (285 µg/mL, and 275 µg/mL). The stability of the standard solutions was checked over this period by preparing and injecting daily a solution of the analyte ( Figure 1 ).
5 Capsules were accurately weighed and transfered into 250 mL volumetric flask. 100 mL diluent was added and sonicated for 10 minutes and made up to the volume with diluent. This solution was then filtered through a 0.45 µm-47 mm nylon membreane filter (Millipore, Barcelona). Further, 5 mL of this solution was added to 100 flask and diluted with diluent and mixed well. 
Validation study Specificity (Placebo interference)
Specificity of an analytical method is its ability to measure accurately and specifically the analytical of interest without interference from placebo and diluent. Specificity of the method is demonstrated by preparing the solutions given below: 1. Mobile phase 2. Diluent 3. Standard Preparation 4. Placebo solution in triplicate 5. Placebo spiked with API at target concentration 6. Sample solution Each solution was injected on to the chromatograph equipped with photo diode array detector. The chromatograms were recorded and observed the interference of diluent and placebo with the analyte peaks. The peak purity of analyte peak in placebo spiked with API and sample solution were also measured.
Placebo preparation for 250 mg
Accurately weighed 90 mg of placebo was added to a 250 mL volumetric flask. About 100 mL of diluent was added and sonicated for 20 min, cooled and diluted to volume with diluent and mixed. The resulting solution was filtered through nylon filter of 0.45 µ discarding first few mL of filtrate. Further, 5 mL of this solution was added to 100 mL with diluent and mixed well (18 µg/mL).
Placebo spike with API
90 mg of placebo (45µg/mL), 1425 mg ampicillin trihydrate (712.5µg/mL) and 1375 mg of dicloxacillin sodium (687.5µg/mL) of API was accurately weighed and transferred into a 100 mL of diluents and sonicated for 30 min. Further dilution was made with 5 mL of this solution to 100 mL with diluent and was mixed well.
Method precision
For six consecutive times, a same standard solution prepared according the described method, was injected. The standard deviation and the relative standard deviation (R.S.D) were calculated for six injections. For acceptance, the R.S.D. value must be smaller than 1.5% (Figure 2 ). 
Intermediate precision
The purpose of this experiment is to prove the reliability of the assay results obtained by this method with the changes like day to day, analyst to analyst, instrument to instrument and column to column.
Accuracy (recovery method)
Accuracy of a method is defined as the closeness of the measured value to the true value for the sample. The recovery method was studied at concentration levels of 50%, 100% and 150% of the claimed content, in presence of placebo. Each solution was injected three times.
The recovery was calculated with respect to the standard solutions.
Linearity
The linearity study verifies that the sample solutions are in a concentration range where analyte response is linearly proportional to the concentration. This study was performed by evaluating the system and method linearity. For the system linearity, standard solutions of ampicillin and dicloxacillin at five concentration levels, from 50, 60, 80, 100, 120 and 150% of the target analyte concentration, were prepared. The concentration were ampicillin 125, 150, 200 250, 300 and 375 µg/mL. The concentrations of dicloxacillin were 129, 155, 207, 258, 310 and 387 µg/mL. Each level of concentration was prepared in triplicate. The experimental results were graphically plotted, obtaining a calibration curve and carrying out the corresponding statistical study.
Stability in analytical solution
The purpose of this experiment is to demonstrate the stability of standard and sample solution used in this method at room temperature (about 25 ºC). The standard solution and sample solution was prepared as given in the methodology. Both the solutions were injected on to the chromatograph and recorded the chromatograms at regular interval up to 24 h for standard solution and sample solution. The peak response for the major peak was measured and evaluated the percentage deviation in the peak response from initial for both standard and sample solution.
Robustness
Three sample solutions of same lot of ampicillin and dicloxacillin were prepared as per method and analyzed using different chromatographic condition as below (Table 7 ).
1. Changing the flow rate of mobile phase ± 10% (i.e. 0.90 mL/min and 1.10 mL/min) 2. Changing the organic composition of mobile phase ± 5.0%. 
Results and Discussion
Method development
The introduction of new HPLC methods for a routine quality control of pharmaceutical preparations begins with a series of preliminary investigations, which enables establishing the optimal experimental conditions and provide maximum relevant information by analyzing the experimental data. In this study, a RP-HPLC method for the determination of ampicillin and dicloxacillin was developed and validated. A simple sample preparation, short separation time was considered when the study started.
Validation study Specificity
From the ampicillin and dicloxacillin chromatogram, it was observed that the drug eluted at a retention time of 2.50, and 6.18 min. The study of the purity of the peak showed that the three spectrums obtained at different times are within the established threshold for this peak.
No interferences with the analyte peaks due to placebo or blank have been observed. On the basis of that, the method results specific for the quail-quantitative analysis of ampicillin and dicloxacillin.
The peak purity angle should be less than peak purity threshold or peak purity of analyte peak should not be less than 990. Indicating that all peaks are pure Table 4 & 5. According to the areas obtained, it can be concluded that all are stable in these conditions. The purity factor for the drug assures that there is no co elution of other peaks. Therefore, the method is selective and suitable for routine work.
Precision Repeatability
As defined in the International Conference on Harmonization (ICH) guidelines, repeatability expresses the precision under the same operating conditions over a short interval of time. ICH guideline suggest a minimum of six readings of a single sample at 100% of a target concentration.
Method precision
The repeatability of the instrumental system was evaluated with this parameter. In this study, a R.S.D. of 1.8% and 1.9% were obtained by injecting a sample solution. % RSD for method precision results of six sample preparation should be NMT 2.0 %. The low % RSD has observed for the six assay results hence it concluded that the method is precise for the analysis of ampicillin and dicloxacillin in ampicillin and dicloxacillin capsules Table 1 . 
Intermediate precision
The results obtained meet the acceptance criteria of ruggedness, this indicates that the method is rugged for the analysis of ampicillin and dicloxacillin in ampicillin and dicloxacillin capsules. 
Accuracy
The results obtained for the accuracy study in the samples ranging ampicillin concentration between 1.4, 0.28 and 0.43 mg/mL and being the 100% corresponding to 0.28 mg/mL (n=6 for 50%, 100% and 150%) indicated that the recovery percent was between 98.5 and 99.5% of recovery (Table 2) . The results obtained for the accuracy study in the samples ranging dicloxacillin concentration between 0.13, 0.27 and 0.41 mg/mL and being the 100% corresponding to 0.27 mg/mL (n=6 for 50%, 100% and 150%) indicated that the recovery percent was between 98.4 and 100.0% of recovery (Table 3) . % Recovery for the range 50 to 150% of target concentration has found within the acceptance criteria with acceptable % RSD of NMT 2.0 at each level. The % recovery at each level must be 98.0 % to 102.0 %. This indicates that the method is accurate for the analysis of ampicillin and dicloxacillin in ampicillin and dicloxacillin capsules.
Linearity
Linearity is the ability of the method to respond proportionally to the changes in concentration or amount of the analyte in a sample. In routine, univariate calibration method linearity is established within a specific range.
The calibration curve obtained by plotting the ampiciline and dicloxacillin peak area versus the concentration of standard solution is linear in the above mentioned concentration range.
Correlation coefficient of linearity plot should be not less than 0.990. Y-intercept bias should be within ±2.0 % linearity level response. This indicates that the method is linear up to the specified range for the analysis of ampicillin and dicloxacilline in ampicillin and dicloxacillin capsules (Table 4 & 
Solution stability
The solution stability was checked for sample preparation up to initial, 3, 6, 9, 12, 15, 18, 21 , and 24 hours. The results obtained are well within the acceptance criteria up to 24 hours at room temperature. Therefore, the sample preparation is stable for ampicillin and dicloxacillin in solution from up to 24 hours at room temperature. Both standard and sample solution thus prepared can be used within this time period. Results were determined and record in Table 6 & 7. 
Robustness
Purpose of this experiment is to prove the reliability of the assay results obtained by this method with the minor but deliberate changes in analytical method parameter like flow rate, column oven temperature, detection wavelength and organic ratio of mobile phase Table 8 . 
Conclusions
The proposed high performance liquid chromatographic method has been evaluated over the linearity, precision, accuracy, specificity and proved to be convenient and effective for the quality control of ampicillin and dicloxacillin in given application. It does not suffer any positive or negative interference due to common excipients present in formulations and can be conveniently used for routine quality control analysis. Thus, the proposed methodology is rapid, selective, requires a simple sample preparation procedure, and represents a good procedure of ampicillin and dicloxacillin determination in pharmaceutical dosage forms.
